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Abstract 

Background: Transfemoral approach (TFA) remains the most common vascular access for percutaneous coronary 
intervention (PCI) in many countries. However, in the last years several randomized trials compared transradial approach 
(TRA) with TFA in patients with acute coronary syndrome (ACS), but only few studies were powered to estimate rare events. 
The aim of the current study was to clarify whether TRA is superior to TFA approach in patients with ACS undergoing 
percutaneous coronary intervention. A meta-analysis, meta-regression and trial sequential analysis of safety and efficacy of 
TRA in ACS setting was performed. 

Methods and Results: Medline, the Cochrane Library, Scopus, scientific session abstracts and relevant websites were 
searched. Data concerning the study design, patient characteristics, risk of bias, and outcomes were extracted. The primary 
endpoint was death. Secondary endpoints were: major bleeding and vascular complications. Outcomes were assessed 
within 30 days. Eleven randomized trials involving 9,202 patients were included. Compared with TFA, TRA significantly 
reduced the risk of death (odds ratio [OR] 0.70; 95% confidence interval [CI], 0.53-0.94; p = 0.016), but this finding was not 
confirmed in trial sequential analysis, indicating that sufficient evidence had not been yet reached. Furthermore, TRA 
compared with TFA reduced the risk of major bleeding (OR 0.60; 95% CI, 0.41-0.88; p = 0.008) and vascular complications 
(OR 0.35; 95% CI, 0.28-0.46; p<0.001); these findings were supported by trial sequential analyses. 

Conclusions: In patients with ACS undergoing PCI, a lower risk of death was observed with TRA. Nevertheless, the 
association between mortality and TRA in ACS setting should be interpreted with caution because it is based on insufficient 
evidence. However, because of the clinical relevance associated with major bleeding and vascular complications reduction, 
TRA should be recommended as first-choice vascular access in patients with ACS undergoing cardiac catheterization. 
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introduction 

Percutaneous coronary intervention (PCI) represents a comer- 
stone for the treatment of patients with acute coronary syndrome 
(ACS). Currently, transfemoral approach (TFA) is the most 
common access for PCI in many countries [1]. During the last 
two decades, transradial approach (TRA) emerged as a valid 
alternative to TFA, because of earlier ambulation, shorter hospital 
stay and possibly reduced bleeding risk [2]. Despite these 
advantages, TRA for catheterization was performed infrequendy 
(<3%) in the United States between 2005 and 2009 [3]. The 
reasons of this uncommon use remain uncertain, but could include 
familiarity with TFA and concerns for the longer learning curve of 
TRA, along with increased radiation exposure [4]. In the last 
years, several randomized clinical trials compared these two 



approaches in patients with ACS, but only few studies were 
adequately powered to allow a reliable estimation of rare events. 
Furthermore, recent meta-analyses assessing the role of TRA in 
ACS setting excluded patients with non-ST-segment elevation 
myocardial infarction, which represents the most frequent ACS 
presentation [5,6] . Therefore, the aim of the current study was to 
perform a meta-analysis and trial sequential analysis of random- 
ized trials evaluating the clinical outcomes following TRA versus 
TFA across the whole spectrum of ACS. 

Metliods 

Data sources and searches 

We searched Medline, the Cochrane Library, Scopus, scientific 
session abstracts (published in Circulation, Journal of the 



PLOS ONE I www.plosone.org 



1 



May 2014 | Volume 9 | Issue 5 | e96127 



Radial vs. Femoral Approach in Patients with Acute Coronary Syndrome 



American College of Cardiology, European Heart Journal and 
The American Journal of Cardiology), and relevant websites 
(www.acc.org, www.americanheart.org, www.europcronline.com, 
www.escardio.org, www.clinicaltrialresults.org, www.tctmd.com 
and www.theheart.org). The reference list of relevant studies was 
additionally scanned. No language, publication date, or publica- 
tion status restrictions were imposed. The last search was run on 
15"" June, 2013. The following search terms were matched: 
"femoral", "radial", "transradial", "transfemoral", "percutaneous 
coronary intervention", "randomized", "acute coronary syn- 
drome", "myocardial infarction", "unstable angina", "non-ST- 
segment elevation", "ST-segment elevation". 

Study selection 

To be included, the citation had to meet the following criteria: 
1) random treatment allocation; 2) inclusion of patients with ACS; 
and 3) the use of TRA in the experimental arm. Exclusion criteria 
were: 1) ongoing studies; 2) irretrievable data and 3) trials not 
reporting death occurrence during follow-up. Complete electronic 
search strategy for Medline (PubMed) and The Cochrane Library 
was reported in the Supporting Information. 

Data Extraction and Quality Assessment 

Two investigators (R.P. and G.G.) independendy assessed 
reports for eligibility at title and/or at abstract level, with 
divergences resolved with a third reviewer (F.P.); studies that 
met inclusion criteria were selected for further analysis. The risk of 
bias was evaluated by the same two reviewer authors, in 
accordance with The Cochrane Collaboration methods and 
considering the following methodological items: random sequence 
generation, allocation concealment, blinding of participants and 
personnel, blinding of outcome assessment, incomplete outcome 
data, selective reporting, other bias and sample size calculation. 
We did not use a quality score, since this practice has been 
previously discouraged [7]. 

The primary endpoint of this meta-analysis was death within 30 
days. Secondary endpoints were: major bleeding and vascular 
complications. Per protocol definitions of clinical endpoints were 
reported in the Table SI in File SI. 

Data Synthesis and Analysis 

Statistical analysis was performed with STATA 11 statistical 
software (STATA Corp, College Station, Texas, USA). The K 
statistic was used to assess agreement between reviewers for study 
selection. Odds ratio (OR) and 95'!'o confidence intervals {95% CI) 
were used as summary statistics. The pooled OR was calculated by 
using the fixed eflFects Mantel-Haenzel model, while, in case of 
significant heterogeneity across studies, the random effects 
DerSimonian and Laird model was reported instead. In case of 
statistical significance, the number needed to treat (NNT) and the 
number of avoided events per 1,000 treated patients were 
provided. The Breslow-Day chi-squared test was calculated to 
test the statistical evidence of heterogeneity across the studies (p< 
0.1). In addition, we used the I^ statistic, which describes the 
percentage variation across studies that is due to heterogeneity 
rather than chance. As a guide, I^ values <25% indicated low, 25— 
50% indicatc'd modc'rate, and >,5()"'o indicated high hctc'rogx'neity 
[8] . The influence of single studies on the summary estimates was 
examined graphically by checking how the elimination of each 
study affected the resulting summary estimate of OR. We assessed 
the possibility of small-study effects by visual inspection of funnel 
plot a.symmetry. Because graphical evaluation can be subjective, 
we performed both Harbord [9] and Peters tests [10], as formal 
statistical tests for publication bias. A weighted random-effect 



meta-regression analysis was used to evaluate relationship between 
the risk of study endpoints and the following study-level covariates: 
age, sex, year of publication, enrolling centres (single- vs. multi- 
centre), sample size (<150 patients vs. aL50 patients), proportion 
of primary PCI, glycoprotein Ilb/IIIa inhibitors use and crossover 
rates to TEA. Furthermore, the relationship between the 
magnitude of risk reduction with TRA and the basehne risk for 
bleeding/vascular complications was also investigated with the 
metareg command, as previously described [11]. 

Trial serju(;ntial analysis was performed according to the 
monitoring boundaries approach [12,13], by using TSA version 
0.9 beta (www.ctu.dk/ tsa). This is a methodology that combines an 
a priori information size calculation for a meta-analysis with the 
adaptation of monitoring boundaries to evaluate the accumulating 
evidence [14]. The information size calculation is similar to the 
sample size calculation in a single trial, allowing a quantification of 
the rehabUity of cumulative data in meta-analyses. Trial sequential 
analysis was obtained with alfa set to 5%, power to 80% and 
including the control event proportion observed in the meta- 
analysis. For death, major bleeding and vasctjlar complication we 
chose a 20%, 3,5% and 50% relative risk reduction, respectively. 

The study was realized in compliance with the Preferred 
Reporting Items for Systematic reviews and Meta-Analyses 
(PRISMA) statement [15]. 

Results 

As reported in Figure 1, we screened the title and/or the 
abstract of 321 potentially eligibk- publications. Of these, 240 
citations were excluded because they were not relevant to this 
study or were duplicated publications. Eighty-one studies were 
thus assessed for eligibility and 70 records were discarded because 
the inclusion criteria were not met. Finally, eleven trials [16-26] 
were included in this meta-analysis, enrolling a total of 9,202 
patients (4,583 or 49.3% randomly assigned to TRA and 4,619 or 
50.7% randomly assigned to TEA). The interobserver agreement 
for study selection was very good, with K = 0.95. The main 
characteristics of the included studies are summarized in Table 1 . 
The risk of bias among studies is reported in Table 2. Anticoag- 
ulation was obtained with heparin in the vast majority of patients. 

Clinical outcomes 

A total of 200 patients died (2.15%). As reported in Figure 2A, 
TRA was associated with a significant reduction in death as 
compared to TFA (1.81% vs. 2.53%, respectively, OR 0.70; 95% 
CI, 0.53-0.94; p = 0.016). No heterogeneity was found among 
trials (1^ = 0%; 95% CI, 0-65%; phrt = 0.94). Visual inspection of 
funnel plot did not reveal a skewed distribution for death, 
suggesting the absence of smcdl-study effects (Figure 3). Moreover, 
both Harbord (p = 0.93) and Peters tests (p = 0.18) were not 
significant. The NNT to prevent one death with TRA was 136.3 
and 7.3 (95% CI, 1.6-11.7) deaths were prevented in each 1,000 
patients treated; these data were based on an OR = 0.70 applied to 
the control group event rate. 

Trial sequential analysis showed a lack of sufficient evidence of a 
benefit of TRA for the reduction of deatii. Only tiie 33% (8,949 
out of 26,836) of the rerjuired sample size was accrued to detect a 
20% relative risk reduction for death (Figure 2B). 

Major bleeding was reported in a total of 1 16 patients (1.25%). 
As shown in Figure 4A, TRA significantiy reduced major bleeding 
complications as compared with TFA (0.94% vs. 1.58%, 
respectively, OR 0.60; 95% CI, 0.41-0.88; p = 0.008). No 
heterogeneity was found across trials (1^ = 0%; 95% CI, 0-65%; 
Phet — 0.83). The NNT to prevent one major bleeding with TRA 
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Figure 1. Flow diagram of trial selection. ACS, acute coronary syndrome. 
doi:1 0.1 371 /journal.pone.00961 27.g001 



was 160.8 and 6.2 (95% CI, 1.9-9.2) major bleedings were 
prevented in each 1,000 patients treated; these data were based on 
an OR = 0.60 applied to the control group event rate. 

In trial sequential analysis, despite the required information size 
was not met (13,368 patients), the cumulative Z-curve crossed the 
trial sequential monitoring boundary, indicating that sufficient 
evidence exists for a 35% reduction in the relative risk of major 
bleeding with TRA (Figure 4B). 

Data about vascular complications were available for 9,053 
patients (98%). A total of 318 patients (3.51%) had vascular 
complications. As reported in Figure 5A, TRA was associated with 
a significant reduction in vascular complications (1.88% vs. 5.12% 
OR 0.35; 95% CI, 0.28-0.46; p<0.001). No heterogeneity was 
found across trials (1^ = 0%; 95% CI, 0-62%; phrt = 0.74). The 
NNT to prevent one vascular complication with TRA was 30.8 
and 32.4 (95% CI, 27.1-36.6) vascular complications were 
prevented in each 1,000 patients treated; these data were based 
on an OR = 0.35 applied to the control group event rate. 



Trial sequential analysis confirmed that TRA is superior to TFA 
in reducing vascular comphcations (Figure 5B). 

Influence analysis and meta-regression 

Influence analysis demonstrated that no single study signifi- 
cantiy altered the summary ORs for the endpoints, because one at 
a time study omission did not result in a movement of the point 
estimate outside the 95% CI (Figures S1-S3 in File SI). 

None of the study-level covariates significantly influenced the 
risk of study endpoints at meta-regression analysis (Table S2 in File 
SI). Furthermore, we did not find a significant relationship 
between TRA-related risk reduction in major bleeding and major 
bleeding events in the TFA population (p = 0.64), as well as TRA- 
related risk reduction in vascular complications and the vascular 
complication events in the TFA population (p = 0.81) (Figure 6). 
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Discussion 

The main findings of this study are that: TRA compared with 
TFA reduced the risk of major bleeding and vascular complica- 
tions in patients with ACS; despite the meta-analysis showed a 
reduced risk of death with TRA, there is no definite evidence 
supporting this association as demonstrated by trial sequential 
analysis; the meta-regression analysis suggested that the benefit 
with TRA, in terms of bleeding and vascular complications, was 
irrespective of the patient risk profile. 

The incidence of recurrent ischemic events in patients with ACS 
has been drastically reduced by the combination of multiple 
antithrombotic agents, along with the early use of coronary 
angiography with a view to revascularization [27]. Nevertheless, 
the benefit derived from these therapies led to an increase in the 
rates of bleeding complications. In the recent years, several studies 
demonstrated that bleeding occurrence in patients undergoing 
PCI is associated with a worse prognosis in terms of death, 
myocardial infarction, and stroke [28]. At this regard, TRA has 
the potential to decrease bleeding events, primarily by reducing 
vascular complications [29]. The main results of this study 
including 1 1 randomized trials with a total of 9,202 patients were 
in accordance with previous meta-analyses that dealt exclusively 
with patients with ST-elevation myocardial infarction [5,6,30]. 
However, these meta-analyses were limited by the inclusion of the 
ST-elevation myocardial infarction subgroup of the RIVAL trial 
[24], in which randomization was not stratified by clinical 
presentation. 

Despite we found a 30% reduction in the odds of death in 
favour of TRA, with about 7 deaths prevented per 1 ,000 patients 
treated, this finding was not confirmed in trial sequential analysis, 
which disclosed an insufficient evidence for this association. 
Indeed, current available data do not conclusively support a 
20% relative risk reduction in mortality with TRA, since only one 
third of the required study population was accrued in this study. 
Thus, trial sequential analysis should be implemented when a 
meta-analysis is performed, since many apparently conclusive 
meta-analyses may become inconclusive when the statistical 
analyses take into account the risk of random error due to 
repetitive testing. 

In contrast with previous meta-analyses [5,6], we reported for 
the first time a significant reduction in the risk of major bleeding in 
TRA group, attributable to the higher statistical power of this 
study. Trial sequential analysis showed a sufficient evidence for 
this association, despite the required information size was not 
reached (9,202 out of 13,368 patients). At this regard, a possible 
advantage of this methodological tool is that it may prevent the 
initiation of unnecessary trials when firm evidence has been gained 
[13]. 

The decreased risk of major bleeding, along with the dramatic 
reduction in vascular complications, might provide an explanation 
to the possible risk reduction in death. In this respect, a large 
pooled analysis of three randomized trials including ACS patients 
found that approximately 1 in 10 patients who developed major 
bleeding died during the first 30 days after hospitalization 
compared with 1 in 40 of those who did not develop major 
bleeding [31]. Consistendy, an analysis of the ACUITY (Acute 
Catheterization and Urgent Intervention Triage strategy) trial 
showed that both major bleeding and myocardial infarction have a 
similar association with mortality, carrying a similar risk of death 
in the first year following presentation with an ACS [32]. In 
addition, Doyle et al. fovmd that patients experiencing major 
femoral bleeding after PCI had a higher mortality at long-term 
follow-up, due to an excess of death during the first 30 days [33]. 
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Figure 2. Effect of transradial vs. transfemoral approach on death. 2A. Odds ratio of death with transradial vs. transfemoral approach. The 
squares and the horizontal lines indicate the OR and the 95% CIs for each trial included; the size of each square is proportional to the statistical 
weight of a trial in the meta-analysis; diamond indicates the effect estimate derived from meta-analysis, with the centre indicating the point estimate 
and the left and the right ends the 95% CI. M-H, Mantel-Haenzel model; D-fL, DerSimonian and Laird model. 2B. Trial sequential analysis for death. 
Heterogeneity adjusted information size of 26,836 participants calculated on basis of death of 2.53% in the transfemoral group, relative risk reduction 
20%, cz = 5%, p = 20%, P = 0%. Solid green cumulative Z-curve did not cross red dashed trial sequential monitoring boundaries for benefit or harm. 
Horizontal dotted green lines illustrate traditional level of statistical significance (p = 0.05). 
doi:10.1371/journal.pone.0096127.g002 



However, the relationship between major bleeding after PCI and 
death is likely to be multifactorial. Major bleeding could directly 
increase the risk of death by causing hemodynamic compromise 
and could lead clinicians to discontinue antithrombotic agents. 
Bleeding also may reduce oxygen delivery to the myocardium and 
anaemia-induced erythropoietin release may promote a systemic 
prothrombotic state. Furthermore, despite increased haemoglobin 
levels, transfusion does not increase tissue oxygenation and its use 
is associated with a poor outcome in PCI patients [34]. Several 
non-randomized studies supported the association between 



bleeding reduction with TRA and mortality. In the PRESTO 
ACS (Comparison of Early Invasive and Conservative Treatment 
in Patients with Non-ST-Elevation Acute Coronary Syndromes) 
vascular substudy [35], TRA compared with TFA was associated 
with a decrease in bleeding complications and death or 
reinfarction at 1-year. Accordingly, a recent analysis of the 
HORIZONS-AMI (Harmonizing Outcomes with RevascularlZa- 
tiON and Stents) trial demonstrated a significant reduction in 
major bleeding and in the composite of death or reinfarction at 30- 
day with TRA compared with TFA [36] . 
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Figure 3. Funnel plot for the primary endpoint. 

doi:1 0.1 371/journal.pone.00961 27.g003 
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Figure 4. Effect of transradial vs. transfemoral approacKi on major bleeding. 4A. Odds ratio of major bleeding with transradial vs. 
transfemoral approach. 4B. Trial sequential analysis for major bleeding. Heterogeneity adjusted information size of 13,368 participants calculated on 
basis of major bleeding of 1.58% in the transfemoral group, relative risk reduction 35%, a = 5%, [3 = 20%, P = 0%. Solid green cumulative Z-curve 
crossed both red dashed trial sequential monitoring and information size boundaries, thereby confirming that transradial approach is superior to 
transfemoral approach in reducing vascular complications. Horizontal dotted green lines illustrate traditional level of statistical significance (p = 0.05). 
doi:1 0.1 371/journal.pone.00961 27.g004 



Meta-regression analysis showed consistent results in single- 
versus multi-centre trials. This was an important finding since 
single-centre trials are usually associated with a larger treatment 
effects than multi-centre trials [37]. In addition, we found that 
TRA may decrease the risk of major bleeding and vascular 
complications independently from the patient risk profile, in a 
"one-size fits-aU" manner (Figure 6). Although these findings 
should be considered hypothesis generating, they may be due to 



the fact that vascular access-related complications are almost 
eliminated with TRA, as also supported by trial sequential 
analysis. Accordingly, access site bleeding is the most common 
source of bleeding complications in patients undergoing PCI and it 
is associated with a 2-fold increase in 1-year mortality [38]. 
However, the reduction in the risk of major bleeding did not lead 
to a parallel risk reduction of death, probably because access-site 
bleeding is associated with a lower risk of death than non-access- 




Figure 5. Effect of transradial vs. transfemoral approacKi on vascular complications. 5A. Odds ratio of vascular complications with 
transradial vs. transfemoral approach. SB. Trial sequential analysis for vascular complications. Heterogeneity adjusted information size of 1,769 
participants calculated on basis of major bleeding of 5.12% in the transfemoral group, relative risk reduction 50%, o( = 5%, (3 = 20%, P = 0%. Solid 
green cumulative Z-curve crossed the red dashed monitoring boundaries, demonstrating sufficient evidence reached for 35% reduction in the risk of 
major bleeding with transradial approach. Horizontal dotted green lines illustrate traditional level of statistical significance (p = 0.05). 
doi:1 0.1 371/journal.pone.00961 27.g005 
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Figure 6. Meta-regression analysis for major bleeding (A) and vascular complications (B). The size of circles is proportional to the weight 

of each study in the fitted random-effects meta-regression. TFA, transfemoral. 

doi:10.1371/journal.pone.0096127.g006 



site bleeding. In fact, among more than 3 mUlions of patients 
included in the Cath PCI Registry [39], in-hospital mortality was 
2.73% vs. 1.87% for access-site vs. no bleeding, and 8.25% vs. 
1.87% for non-access-site vs. no bleeding. However, none of the 
included trials used contemporary transfemoral closure systems 
that are known to consistendy reduce vascular complications by 
more than 50% [40]. At this regard, the ARISE (AngioSeal versus 
the Radial approach In acute coronary SyndromE) trial will help 
to define the role of a vascular closure device as a bleeding 
avoidance strategy in patients with ACS [41]. A final remark 
about vascular complications is related to sheath size used for both 
TRA and TFA. In fact, in the Leipzig registry [42], radial artery 
occlusion was documented with vascular ultrasound in 30.5% and 
13.7% of patients treated with 6-F and 5-F sheaths, respectively. 
Similar results may be achieved through 5-F TFA [43]. 



Study limitations 

First, this is a meta-analysis at the study level and we could not 
properly assess the role of confounding factors. Second, aU 
included trials were performed by experienced operators skilled 
in TRA, thus limiting the external validity of the results of this 
meta-analysis for centres mainly performing transfemoral proce- 
dures. This reinforces the need for dedicated training programs for 
TRA, especially in teaching hospitals [44]. On the other hand, 
patients undergoing PCI from the TFA by default radial operators 
may be at higher risk of vascular access-site complication [45] . 
Third, this meta-analysis provides chnical foUow-up within 30 days 
and it is still underpowered to evaluate the risk of death as 
demonstrated by trial sequential analysis. Thus, larger trials and 
longer follow-up data are needed to establish whether the observed 
benefit in mortality persists over time. Fourth, because of the 
frequent use of glycoprotein Ilb/IIIa inhibitors in the included 
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studies, it remains largely unknown whether the use of bivalirudin, 
that has been associated with lower bleeding events [46], may 
offset the greater risk of bleeding and vascular complications 
associated with TFA. Fifth, despite crossover rates to TFA did not 
influence study endpoints, the effect of crossover to TFA in 
patients undergoing primary PCI remains unix-rtain. At this 
regard, despite the risk of mortahty with TRA is reduced even with 
longer door-to-balloon times [47], caution should be exercised in 
centres transitioning from a routine TFA to TRA in primary PCI 
setting. Six, patients with cardiogenic shock or hemodynamic 
instability were excluded from the most of trials. Therefore, the 
potential benefits of TRA in this setting are not well established. 
Finally, clinical data in patients with non-ST-elevation ACS derive 
from the RIVAL trial [24], in which the benefit of TRA was not 
manifest in this subgroup. Thus, further research with dedicated, 
adequately powered trials is needed to establish whether the 
benefit of TRA over TFA can be extended to patients with non- 
ST-elevation ACS. 

Conclusions 

This study demonstrated that the use of TRA in patients with 
ACS undergoing invasive management was associated with a 
significant reduction in the risk of major bleeding and vascular 
complications, as compared with TFA. The robustness of these 
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be recommended as first-choice vascular access in patients with 
ACS undergoing cardiac catheterization. 

Supporting Information 

File SI 

(DOC) 

CheckUst SI 

(DOC) 

Author Contributions 

Conceived and designed the experiments: RP GG BT FP. .Analyzed the 
data; RP GG SDL EC GE. Wrote the paper: RP GG FP. 

16. Brasselet C, Tassan S, Nazeyrollas P, Hamon M, JVlefz D (2007) Randomised 
eomparison of femoral versus radial approach for pcreiitaneoiis coronary 
intervention using abeiximab in acute myocardial infarction: results of the 
FARMI trial. Heart 93: 1556-1561. 

17. Gan L, Lib Q, Liuc R, Zhaoc Y, QiucJ, et al. (2009) Effectiveness and feasibility 
of transradial approaches for primary percutaneous coronary intervention in 
patients with acute myocardial infarction. Journal of Nanjing Medical University 
23: 270-274. 

18. Hou L, Wei YD, Li WM, Xu YW (2010) Comparative study on transradial 

versus transfemoral approach for primary' percutaneous coronary' intervention in 
Chinese patients with acute myocardial infarction. Saudi Med J 31: 158—162. 

19. Mann T, Cubeddu G, Bowen J, Schneider JE, Arrowood M, et al. (1998) 
Stenting in acute eoronarv syndromes: a eomparison of radial versus femoral 
access sites. J Am Coll Cardiol 32: 572-576. 

20. Cantor WJ, Puley G, Natarajan MK, Dzavik V, Madan M, et al. (2005) Radial 
versus femoral access for emergent percutaneous coronary intervention with 
adjunct glycoprotein Ilb/IIIa inhibition in acute myocardial infarction — the 
RADL\L-AMI pilot randomized trial. Am Heart J 150: 543-549. 

2 1 . Chodor P, Krupa H, Kurek T, Sokal A, Swierad M, et al. (2009) RADIal versus 
femoral approach for percutaneous coronary interventions in patients with 
Acute Myocardial Infarction (RADIAMI): A prospective, randomized, single- 
center clinical trial. CardiolJ 16: 332-340. 

22. Chodor P, Kurek T, Kowalezuk A, Swierad M, Was T, et al. (201 1) Radial vs 
femoral approach with StarClose clip placement for primary percutaneous 
coronary intervention in patients with ST-elevation myocardial infarction. 
RADIAMI II: a prospective, randomised, single centre trial. Kardiol Pol 69: 
763-771. 

23. Romagnoli E, Biondi-Zoccai G, Sciahbasi A, Politi L, Rigattieri S, et al. (2012) 
Radial versus femoral randomized investigation in ST-segment elevation acute 
coronary syndrome: the RIFLE-STEACS (Radial Versus Femoral Randomized 
Investigation in ST-Elevation Acute Coronary Syndrome) study. J Am CoU 
Cardiol 60: 2481-2489. 

24. Jolly SS, Yusuf S, Cairns J, Nicmcla K, Xavier D, et al. (201 1) Radial versus 
femoral access for coronary angiography and intervention in patients with acute 
coronary syndromes (RIVAL): a randomised, parallel group, multicentre trial. 
Lancet 377: 1409-1420. 

25. Saito S, Tanaka S, Hiroe Y, Miyashita Y, Takahashi S, et al. (2003) 
Comparative study on transradial a];)proach vs. transfemoral approach in 
primary stent implantation for patients with acute myocardial infarction: results 
of the test for myocardial infarction by prospective unicenter randomization for 
access sites (TEMPURA) trial Catheter Cardiovase Interv 59: 26-33. 

26. Wang YB, Fu XH, Wang XC, Gu XS, Zhao YJ, et al. (2012) Randomized 
Comparison of Radial Versus Femoral Approach for Patients With STEMI 
Undergoing Early PCI Following Intravenous Thrombolysis. J Invasive Cardiol 
24: 412-416. 

27. Fox KA, Steg PC, Eagle KA, Cloodman SG, Anderson EA Jr., et al. (2007) 
Dechne in rates of death and heart failure in acute coronary syndromes, 1999- 
2006. JAMA 297: 1892-1900. 



PLOS ONE I www.plosone.org 



9 



May 2014 I Volume 9 | Issue 5 | e96127 



Radial vs. Femoral Approach in Patients with Acute Coronary Syndrome 



28. Doyle BJ, Rihal CS, Gastincau DA, Holmes DR Jr. (2009) Bleeding, blood 
transfusion, and increased mortality alter percutaneous coronary intervention: 
implications for contempor£uy practice. J Am Goll Cardiol 53: 2019-2027. 

29. Nathan S, Rao SV (2012) Radial versus femoral access for percutaneous 
coronary intervention: implications for vascular complications and bleeding. 
Curr Cardiol Rep 14: 502-509. 

30. Vorobcsuk A, Konyi A, Aradi D. Hon-ath IG. Ungi I. et al. (2009) Transradial 
versus transfemoral pcrnilancnuN coronal) inler\rnlion in acute myocardial 
infarction Systematic o\ rr\ ie\v and mela-analysis. Am Heart J 158: 814-821. 

31. EikelhoomJW, Mehta SR, Anand S8, Xie C, Vox et al. (2006) Adverse 
impact of bleeding on prognosis in patients with acute coronary syndromes- 
Circulation 114: 774-782. 

32. Mehran R, Pocock SJ, Stone GW, Clayton TC, Dangas GD, et al. (2009) 
Associations of major bleeding and myocardial infarction with the incidence and 
timing of mortality in patients presenting with non-ST-elevation acute coronary 
syndromes: a risk model from the ACUITY trial. Eur Heart J 30: 1457-1466. 

33. Doyle BJ, Ting HH, Bell MR, Lennon RJ, Mathew V, et al. (2008) Major 
femoral bleeding complications after percutaneous coronary intervention: 
incidence, predictors, and impact on long-term survival among 17,901 patients 
treated at the Mayo Clinic from 1994 to 2005. JACC Cardiovasc Interv 1: 202- 
209. 

34. Chatterjee S, Werterslev J, Sharma A, lichstein E, Mukherjee D (2012) 
Association of Blood Transfusion With Increased Mortality in Myocardial 
Infarction: A Meta-analvsis and Diversity-Adjusted Study Sequential Analysis. 
Arch Intern Med: 1 8. 

35. Sciahbasi A, Pristipino C, Ambrosio (j, Sperduti 1, Scabbia EV, et al. (2009) 
Arterial acccss-sitc-related outcomes of patients undergoing invasive coronary 
procedures for acute coronary syndromes (from the ComPaRison of Early 
Invasive and Conservative Treatment in Patients With Non-ST-ElevatiOn 
Acute Coronary Syndromes [PRESTO-ACS] Vascular Substudy). AmJ Cardiol 
103: 796-800. 

36. Genereux P, Mehran R, Palmerini T, Caixeta A, Kirtane AJ, et al. (201 1) Radial 
access in patients with ST-segment elevation myocardial infarction undergoing 
primary angioplasty in acute myocardial infarction: the HORIZONS-AMI trial. 
Enrol nter\'ention 7: 90.5—916. 

37. Dechartres A, Boutron I, Trinquart L, Charles P, Ravaud P (201 1) Single-center 
trials show larger treatment effects than multicenter trials: evidence from a meta- 
epidemiologic study. Arm Intern Med 155: 39-51. 

38. Verheugt FW, Steinhubl SR, Hamon M, Darius H, Steg PG, et al. (2011) 
Incidence, prognostic impact, and influence of antithrombotic therapy on access 



and nonacccss site bleeding in percutaneous coronary intervention. JACC 
Cardiovasc Interv 4: 191—197. 

39. Chhatriwalla AK, Amin AP, Kennedy KF, House JA, Cohen DJ, et al. (2013) 
Association between bleeding events and in-hospital mortality after percutaneous 
coronary intervention. JAMA 309: 1022-1029. 

40. Gregory D, Midodzi W, Pearce N (2013) CompHcations with Angio-Seal 
vascular closure devices compared with manual compression after diagnostic 
cardiac catheterization and percutaneous coronary intervention. J Interv Cardiol 
26: 630-638. 

41. de Andrade PB, LA EM, Tebet MA, Rinaldi FS, Esteves VC, et al. (2013) 
Design and rationale of the AngioSeal versus the Radial approach In acute 
coronary SyndromE (ARISE) trial: a randomized comparison of a vascular 
closure device versus the radial approach to prevent vascular access site 
complications in non-ST-segment elevation acute coronary syndrome patients. 
Trials 14: 435. 

42. Uhlemann M, Mobius-WinMer S, Mende M, Eitel I, Fuemau G, et al. (2012) 
The Leipzig prospective vascular ultrasound registry in radial artery catheter- 
ization: impact of sheath size on vascular complications. JACC Cardiovasc 
Interv 5: 36-43. 

43. Buchler JR, Ribeiro EE, Falcao JL, Martinez EE, Buchler RD, et al. (2008) A 
randomized trial of 5 versus 7 French guiding catheters for transfemoral 
percutaneous coronary stent implantation. J Inter\' Cardiol 21: 50—55. 

44. Leonardi RA, Townsend J(', Bonnema DD, Patel CA, (Gibbons MT, et al. 

(2012) Comparison of percutaneous coronary intervention safety before and 
during the establishment of a transradial program at a teaching hospital. 
Am j"" Cardiol 109: 1154-1159. 

45. Rafie IM, Uddm MM, Ossei-Geming N, Anderson RA, Kiraiaird TD (2014) 
Patients undergoing PCI from the femoral route by default radial operators are 
at high risk of vascular access-site complications. Eurolntervention 9: 1189- 
1194. 

46. De Luca G, Cassetti E, Verdoia M, Marino P (2009) Bivalirudin as compared to 
unfractionated heparin among patients undergoing coronary angioplasty: A 
meta-analyis of randomised trials. Thromb Haemost 102: 128 136. 

47. Baklanov DV, Kaltcnbach lA, Marso SP. Slll)her^^al SS. Feldman DN, et al. 

(2013) The prevalence and outcomes of transradial percutaneous coronary 
intervention for ST-segment elevation myocardial infarction: analysis from the 
National Cardiovascular Data Registry (2007 to 2011). J Am Coll Cardiol 61: 
420-^26. 



PLCS ONE I www.plosone.org 



10 



May 2014 I Volume 9 | Issue 5 | e96127 



